
I 

Prepared for 





. 
t 

ecjue%ion one esmnes 'sits G the spatiel. gradient scelas of the disl r ibutdon 

functioas are sufficicn%ly large EO that the spatial variation of the 

collision terns m y  be neglected. 

present investigationo 

that the collision process is Karkovien. 

be false for the case of an ionized gas by Tchen [ A I .  

This assaption i s  not a d i d  h the 

In addition, the Fokker-RlPnck equetion assmes 

T f i s  assumption has been sfaosn to 

Fisbtson [SI dssived t h e  Fokker-Plaack eqmtion P s c h d i n g  sme. space- 

degendence 5a the  c o L l i s i o ~  kms. 

cized by Hckikswa [ 6 ]  on the  bseis that h i s  approach 1s s d - p h m ~ ~ ~ ~ o l ~ g i c a l  

in that it depends upon a special m6el for ehe detemin&tion of the fluctua- 

tion force. 

a s  p A m c ~ w e  hes, housvep, been crlti- 

A method of formulating the sheath problem so as to include these apace- 

dependent sffects i~ inheren$ in Bogoliubovvs method In statistical physics 

f73. 

Fokker-Sbanck eqsation for+ 8 $asme 

effects, althcugh Tchm Investfgatesd the aon-!.farkaaian behssior of i;he pla,a;s, 

as ue remarked above. 

b v c s  method, introduced by Kadoatsev ClQ], t o  Gerdva a Fokkes-P1wck ecp"Ci611 

which contained spatial dependent efPec%s in %he collision terns, 

emphasized the importance of the consideration of spacs-depadent terns in the 

T o h c h s r  [SI, Teak0 [SI, and Tchen [L,] used tlh'rs meth~d to derive Vie 

These authors neglected S ~ E C + - ~ ~ ~ C X K ~ E X  

&bsecp;rsjat1g., Ichikawa [6] 1.184 a v.eaim.2; of BagoPiu- 

Lchikcwa 

\ ea-mtions describing ths density fluctuations of a p 2 a m  (plasm osc i l l a t i  J 0238,~~ 

which had been neglected -by previow a+u+h- * VFS" 
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naaoet5c c fiel.2. Since %e equa-ticms mrn sut to be SQ corriplicated, it wil ' .  

be bstter, for a f lxs$  calczllatloc, -Lo neglect the -aehicle motion. 

Firs% w e  coasider ti coizfi~rstion-f.elociLy space in uhich ths coordinate 

axes are d e t e d e d  by the positions E& velocities of all the particles at 

a given t h e  t, 

confi~ation-velocity spice has 6(N2 i- M2) d5mensions. 

this space t.he aScro3copi.e deasities of the alectrcna mid ions, 

If the systea con+,ains N, electrolzs and E, FOTIS, then the 

We now define i n  

The indicated s -ma t iona  are over all electrons and ions respectivelyo 

The qumlitLes d o f - b e d  by (1) a n d  (2) m t i s f y  Liouvillegs thecizezn 

states t.ht %he f 0 1 l ~ ; ~ b g  relations hiole: 

i 2) 

which 



Using (61, (7j, aad ( 8 )  5-n (4) a d  (5) we have: 



and ions, 

t!e LOV recall  that -&be P ' s  a r e  E&C_POSCOP~C densiktes in the co3aEipraCion- 

Therefore, (9) and (io> a e  not ss1.72c2.e~ ve1ccit;F space. 

usual statistfcd. mechanical treatmn-t ue shl l  awerage over the init ial  states 

FoZlowhg the 

be to average equations ( 9 )  and (10) 5.n the s a s 8  discusaec! above, To carry 

t h i s  out we will Itsed eqressicms for the average of a product of tuo micro- 



ions, and T is an appropriate electron OF ion temperature, 1s satisfied in 

the present problem Under these Gondftions we may mite: 
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The nsxt to laat teras hi (18) and (19) do not appear in the corresponding 
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The undefined 

h 

quantities which appear in eqas. (22>-(25> are listed below. 



a3 



where: 





. 

we lhit considsration t o  9. p l a e  geometry. L e t  us consider an iafin-ite 

plane s ihated  st x = C, and let the external medim be the half-space x > 0. 
The half-space ii < 0 corresponds to the iaterior of the vehicle. ThTs Eodel 

would be good at distances mall compared to the curvehre  of the vehicle 

swfaee, and fs therzfors beet for large bodies, T~QE, thase calcrjlekicas 

w i l l  give res-dts which represent the oppoa?-te &rems to those ussally 

segcrted in -the li'cerat+-mc, which me v a l i d  for bodies  m d . 1  c o ~ p m e d  to the 

Debye 1m&hr FGR 

[13] - 
o f  th is  work we refer to Shopra [12] and. Zachary 

Gmeralixatqions to more complicated geometries w i l l  be canafdered 

after socle experience irn solving the quatiom has bssn obtained, 

h t s s e s t b g  sitwtfojrr occurs when the mgnetie field € 5  parallel Lo the 

The 

frequency radiation on t56 sheath properties, 

mti', a later date, 

Me defer these cossiderPL-tioris 

Using the shplifica%fons discussed above, equations \22)-?:25) and < 36) 



I .  

integrals of th&Is over velocity space, The scalar potential is given by8 
P 



be roaliaear, 

variational mei;hods. 

fiovever, ~ X L S  does nut constig;l.lte 8 serious psoblm i n  t h e  

The singlet distribAions, fe md 3i, must satisfy further restric%ionso 
’ Firstly, since we w i l l  deal with a t3zna-independent sftuatbn, the set 

currat in the sheath must be conservedo This requires %bat, 

where : 

of Lagrange multipliers. 

h e  final point  ie that the single% distributions mist satisfy certain 

boundary conditions, 

 SOD^ conditions met be imposed a t x  = 0. 

Clearly -fe and yi must remain f in i t e  as x+mo Also, 

Far exaaple, we may take 

The advaaa%age of this proceduse would be that the velocity dependence of the 

of bebig successful is emerging, st least for a sh$e geozet-ry, This sh.auld 
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